The unsteady, compressible, thin-layer Navier-Stokes equations are used to numerically study the passive control of steady and unsteady supersonic asymmetric flows around circular and noncircular cones. The main computational scheme of the present study is an implicit upwind, flux-difference splitting, finite-volume scheme. Passive control of flow asymmetry is studied by using a vertical fin in the leeward plane of geometric symmetry and side strakes with and without thickness at different orientations. The study focuses on circular-section cones since they are the most likely section-shapes for strong flow asymmetry. Side-strake passive control is shown to be more efficient and practical than vertical-fin passive control.
(_'02 --viscous and heat-conduction flux in the 62 direction
(/_'v)3 -viscous and heat-conduction flux in the _3 direction
The first of the three momentum elements of Eq. (5) is given by where
, + _ + _) + (_ -1)Pr __ JJ (9) For Eq. (4), in the case of thin-layer approximations applied to the _2 direction, the elements are given by equations similar to Eqs. (7)- (9) with the exception
The second and third momentum elements are obtained by replacing the subscript l, everywhere in Eq. (7), with 2 and 3, respectively. The last element of Eq. (5) is given by 
The viscosity is calculated from the Sutherland law
and the Prandtl number Pr = 0.72.
In Eqs. (1)- (9) The pressure-coefficient curve shows jumps at 0 = 90°and 270°, where the strakes are located. These jumps change the shape of the Cp-curve in comparison with that of the vertical-fin-control case. Moreover, the lift coefficient of the side-strake-control case is double that of the vertical-fin-control case. the FVS scheme, the random disturbances can grow producing the asymmetric unsteady vortex shedding. This also shows that the FDS scheme, even with the flux limiters turned on, is less dissipative than the FVS scheme. These results conclusively show that unsteady asymmetric flows are obtained irrespective of the numerical methodologies. Next, we consider the control of this unsteady asymmetric flow using sharpedged thick strakes and flat-plate strakes with different orientations. For all the strake shapes, the height is kept at 0.3r. Figure  6 shows the results of this study using sharp-edged and flat-plate strakes at 6 = 0°, 10°, and -10°, where Comparing the results of the sharp-edged thick strakes at a = 30°with those of the sharp-edged thick strakes at a = 20° (Fig. 3) , we notice that the primary vortex cores of the former are closer to the plane of symmetry and higher above the cone surface than those of the latter.
In the bottom row of Fig. 7 , we show typical grids for the cases of sharpedged thick strakes and the fiat-plate strakes with /5 = 10°. The grids are generated by using a hyperbolic grid generator with transfinite grid interpolation to refine the grid in the strake region. an implicit, upwind, flux-difference splitting, finite-volume scheme. The flowcontrol studies have focused on circular-section cones since they are the best potential section-shapes for strong flow asymmetry. It has been shown that side-strake passive control is very effective over a wide range of angle of attack. It has also been shown that side-strake control is more efficient than verticalfin control in producing higher lift. Moreover, it is more practical since the strakes have shorter height and, hence, less weight in comparison with the vertical fin.
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